The relationship between antibody (Ab) and lymphoproliferative responses to herpes simplex virus (HSV) and recrudescent orofacial HSV lesions were investigated in 65 patients. All had HSV-specific Ab and cell mediated immune responses (CMIR) demonstrated by ELISA and in vitro lymphoproliferation respectively. Thirteen control subjects were negative in both tests. Thirty-three patients were repeatedly investigated for 6-38 months during which time they suffered 1-8 recrudescences. HSV-induced lyrnphoproliferation was depressed during recrudescences, rose to a peak several weeks later, and declined slowly to a background level. However, ELISA titres and lymphoproliferative responses to Concanavalin A (Con A) were high throughout and circulating peripheral blood mononuclear cell (PBMC) subsets did not change. Depressed lymphoproliferative responses to HSV antigen (Ag) during recrudescences were enhanced by removal of CD8 + cells from PBMC using either a panning technique or cell sorting; reconstitution of CD8+ cells suppressed the HSVspecific lymphoproliferative response. CD8+ cell depletion affected neither HSV-induced lymphoproliferation recrudescence, nor lymphoproliferative responses to another Ag (PPD) during recrudescence. Depressed HSV-induced lymphoproliferation during recrudescences might thus be due to CD8+ suppressor T cell (Ts) function rather than low numbers of circulating lymphocytes. Suppression or delay of normal CMIR to asymptomatic recurrent epidermal HSV infection by Ts might allow development of recrudescent HSV lesions.
Introduction
During primary orofacial herpes simplex virus (HSV) infection, the virus becomes latent, particularly in sensory neurone cell bodies in the trigeminal ganglion. Here HSV is immunologically privileged: little viral RNA is transcribed or viral protein synthesized and no local immune response is mounted. Latent HSV reactivates intermittently, migrates to the skin and produces asymptomatic recurrences (detectable as viral shedding into oral secretions) or, more rarely, recrudescent lesions. Recrudescent HSV infection is often preceded by triggering factors (eg ultraviolet irradiation, local trauma) and similar stimuli provoke reactivation, recurrence or recrudescence in animal models'.
During primary infection normal subjects develop CMIR to HSV which include delayed hypersensitivity to intradermal challenge with HSV Ag and antigen driven in vitro responses such as lymphoproliferation, lymphokine production and generation of cytotoxic T cells when PBMC are stimulated with HSV Ag2.
Acquired immunity reduces the severity of subsequent HSV infection; an impaired CMIR is associated with increased frequency and severity of recrudescent HSV infection", Up to 50% of healthy HSV-seropositive subjects suffer recrudescent infections'', Previous workers investigated CMIR to HSV during recrudescent infections and at various times thereafter with conflicting results 2.4 . 11 • This study was undertaken to clarify the relationship between occurrence of recrudescences and HSV-specific lymphoproliferative and Ab responses in otherwise healthy subjects.
Materials and methods Patients
Sixty-five patients (21 male, 44 female: age range 9-60 years, mean 34 years) with recrudescent orofacial HSV infection and 13 control subjects with no history of HSV (five male, eight female: age range 22-45 years, mean 32 years) were investigated. Volunteers had goodgeneral health and were either staff members or referred to the Dermatology Department at the Royal Infirmary of Edinburgh because of HSV. Venous blood was collected into preservative-free heparin in the early morning. During recrudescences virus was isolated and typed as previously described'P.
HSVAg HSV Ag was prepared by glycine extraction of Vero cells infected with a clinical isolate of HSV-l, and control Ag from un infected Vero cells, as already described12,13.
Lymphoproliferation assay and measurement of Abs PBMC were purified from venous blood and lymphoproliferative responses to HSV assayed as outlined before 12,13. Stimulation indices (SI) were calculated as: SI=(mean counts/min [CPMj with HSV Ag)/ (mean CPM with control Ag), Peak SI and CPM were obtained with cultures stimulated with 30 Itg/ml protein which was used throughout. PPD (Evans Medical Ltd, Horsham, UK) was used as an additional test Ag in some experiments (60 units/ml), The T cell mitogen Con A (Sigma UK Ltd, Poole, UK) was added to parallel cultures (5 Itg/mI) as a general index of CMIR12,13.
HSV Abs were measured in plasma using an ELISA described previously'vl",
Phenotyping of PBMC subsets and removal of CD8+ cells by panning or by cell sorting
Measurement of circulating PBMC subsets by fluorescent flow cytometry and the panning technique were described before 12,13. Cell sorting of PBMC stained for CD8 surface Ag was performed using a Coulter EPICS 'C' flow cytometer, on the basis of CD8+ green fluorescence acquired initially by gateing of the PBMC population in a two-parameter histogram measuring forward angle light scatter and 90 0 light scatter (flow rate 2000 cells/s, laser output 150 mW at 488 nm). Sorted cells were collected into sterile culture medium and aliquots reanalysed on the EPICS to measure CD8+ depletion and enhancement. CD8+ cells were reconstituted in CD8-depleted cultures by adding 3 x 10 5/ml CD8-enriched cells. Lymphoproliferative responses of PBMC, the CD8-depleted cells and CD8-reconstituted cells were then tested in the lymphoproliferation assay.
Results
Patients suffered from 1 to 20 recrudescent HSV infections annually (median 4: interquartile range [IQR12-6) consisting of mild perioral papulovesicular 'cold sores' lasting under two weeks and uncomplicated by systemic symptoms. Subjects were healthy throughout the study. HSV-l was isolated from 38 patients and HSV-2 from four who suffered both recrudescent genital and orofacial infections. Several triggering factors often preceded recrudescent HSV infection: 19 patients developed lesions after sun or ultraviolet exposure, seven when 'under stress' or 'tired', six with 'colds', three after mild local trauma, two with febrile illness, one after frost exposure and five suffered premenstrual recrudescences; 22 subjects noted no triggering event before recrudescences.
Lymphoproliferation. assays and circulating Abs
All subjects with recrudescent HSV infection had circulating Abs to HSV by ELISA (titre> 1 : 1600 in 63/65), including the four with HSV-2 infection, regardless of the frequency of or time since a recrudescence (maximum 10 years). In contrast the 13 control subjects with no history of HSV infection were seronegative (titre < 1: 100).
Subjects with recrudescent HSV all had lymphoproliferative responses to HSV Ag (SI > 3; CPM of HSV stimulated cultures> CPM of control culture+3 standard deviations). Control subjects with no history of HSV had negative HSV-specific in vitro lymphoproliferative responses (SI < 1). Lymphoproliferative responses to Con A were always high (SI> 10).
Fluctuations in lymphoproliterative responses to HSV following recrudescent lesions
Thirty-three patients with recrudescent HSV were repeatedly investigated over 6-38 months during which each patient suffered between one and eight recrudescences (median 2: IQR 1-3). Lymphoproliferative responses to HSV Ag fluctuated following recrudescences: they were low within 5 days of a new lesion (median SI 4.1: IQR 2.2-6.2; median CPM 737; IQR 414-1232), rose to a peak 5-8 weeks later (median SI 10.6, IQR 6.9-15.1; median CPM 11 730, IQR 8397-18 722) and declined to a background level subsequently13. By 6 months after a lesion lymphoproliferative responses to HSV Ag (median SI 5.7; IQR 3.8-7.6; median CPM 2374; IQR 1906-5261) had fallen to levels similar to those detected in 11 patients with rare recrudescences who had not suffered lesions for 1-10 years (median SI 4.9, IQR 4.3-6.6). The differences between the low HSV-induced SI and CPM results during lesions, the peak responses 5-8 weeks later and the difference between the peak and Journal of the Royal Society of Medicine Volume 83 May 1990 309 background lymphoproliferative responses to HSV Ag 6 months after lesions, were highly significant ( P< 0.01, Wilcoxon rank sum test). Paired differences for the rise and fall in HSV-induced lymphoproliferative responses for individuals following lesions were also significant (P< 0.01, Wilcoxon signed-ranks test). In contrast to the marked fluctuation in HSV-induced lymphoproliferation, the response to Con A and anti-HSV Ab titre remained high throughout. Results of a typical patient followed for 26 months through four recrudescences are shown in Table 1 . Fourteen patients were investigated for lymphoproliferative responses to HSV within 6 weeks of a subsequent lesion (median SI 10; IQR 9-15; median CPM 6080; IQR 3457-8973). When the recrudescence occurred, HSV-induced lymphoproliferative responses were depressed (median SI 4; IQR 3-5; median CPM 954; IQR 421-1582; P< 0.01 Wilcoxon rank sum test). Circulating PBMC subsets were measured in 21 patients during recrudescences (< 5 days after onset) and at various times thereafter by fluorescent flow cytometry. They were within normal limits for the local population and did not fluctuate significantly with the infectious cycle-", Thus the depressed lymphoproliferative responses during recrudescent infections were neither due solely to fall to the background level of response since a previous lesion, nor to fluctuation in circulating lymphocyte subpopulations.
Lymphoproliferation after depletion of CD8+ cells
Preliminary results suggested that depressed SIs during recrudescent HSV infections might be due to CD8+ Ts function'P. This was further investigated in patients during the first 4 days of recrudescent lesions by removing CD8+ cells from PBMC using a panning technique in 10 patients and cell sorting in three patients. Both techniques depleted CD8+ cells from PMBC but cell sorting was more efficient: the mean CD8+ PBMC concentration was 22± standard error 2% and in CD8-depleted cells after panning 14±1% and after cell sorting 4±1% (both highly significant reductions, two sample r-test, P< 0.001). Depletion of CD8+ cells from PBMC using either technique within 4 days of recrudescent HSV infection enhanced SIs and CPM in 12 of 13 patients. Reconstitution of CD8+ cells (mean CD8-enriched cell concentration 42±2% by panning, 73±6% by cell sorting) suppressed HSV-induced lymphoproliferative responses into the range of undepleted PBMC. A typical experiment is shown in Table 2 . The differences between the CPM in PBMC and the enhanced and suppressed responses in the CD8-depleted and CD8reconstituted populations were highly significant (P<O.Ol, two sample r-test) as were the paired data for each manoeuvre ( P< 0.01, Wilcoxon signed-ranks test)l3. PBMC from two patients 6 and 9 months after recrudescent HSV were depleted ofCD8+ cells by panning, and PBMC from two others, 2 and 8 months after recrudescent HSV, by cell sorting. Background lymphoproliferative responses to HSV (SI 6.4, 3.2, 6.4 and 8.5 respectively) were neither enhanced by CD8+ cell depletion nor suppressed by CD8·reconstitution using either technique'", Thus depressed HSV·induced lymphoproliferation during recrudescent HSV infection was associated with circulating CD8+ Ts function which was not detectable several months later.
CD8+ Ts function during recrudescence is H8V.speci{tc
Five of the 13 patients with CD8+ Ts function demonstrated during recrudescences also had lymphoproliferative responses to PPD. This response was tested in parallel CD8-depletion experiments to those described for HSV. Depletion of CD8+ cells from PBMC did not enhance responses to PPD, in contrast to the results with HSV. For example, one experiment where CD8+ cells were removed by panning showed SI in PBMC of 7.1, SI of CD8-depleted PBMC of 7.6 and SI of CD8-reconstituted cells of 9.0. Thus the CD8+ Ts function during recrudescent HSV lesions was HSV.specific.
Discussion
Most studies reported persistent Ab and Iymphoproliferative responses to HSV Ag following reo crudescent HSV infection regardless of the frequency of or time since Iesions-v". Some documented depressed HSV·induced lymphoproliferative responses during or immediately after recrudescent HSV infection':", but others" found peak responses during lesions followed by a decline over the next month to levels detectable in seropositive controls.
In this study depressed HSV·induced lymphoproliferation during recrudescent orofacial HSV infection was mediated by HSV.specific Ts function. Others 9 -11 recorded little change in HSV-induced lymphoproliferation during recrudescent genital HSV-l or HSV-2 infection but noted an increased proportion of circulating CD8 + lymphocytes, normal CD4+ lymphocyte numbers and reduced CD4+ : CD8+ lymphocyte ratios early in the infection. Inhibitory factors were elaborated by CD8+ cells which inhibited HSV-2-induced lymphoproliferation", NK enhancement'? and leukocyte migration inhibitory factor production by lymphocytes!'. Cauda et al." documented decreased CD4+ and increased CD8+ cell numbers and decreased CD4+ : CD8+ cell ratios within one day of recrudescent genital HSV. The proportion of circulating CDll + CD8+ cells (Ts) was increased, HSV-2-induced lymphoproliferation was depressed and there was evidence ofTs function. However, 5-7 and 21 days later lymphoproliferative responses were similar to those in seropositive controls with no history of HSV. Wainberg et al. l 4 described impairment of lectin-driven lymphoproliferative responses by ultraviolet-inactivated HSV particularly just before and during HSV recrudescences.
Several triggering factors were associated with impaired lymphoproliferation during recrudescent HSV. Some of them (eg menstruation, viral illness, stress, tiredness) may induce Ag-independent impairment of immune responses leading to reduced CMIR to HSV. Others (eg local trauma, frost, ultraviolet irradiation) may cause reactivation of latent HSV in local peripheral nerves, as occurs in animal models', impaired local Ag presenting cell function or CMffi l5. However, limited local Ts responses may be required to control normal CMI to recrudescent HSV infection and prevent immunologically-mediated damage''.
If the depressed lymphoproliferative response to HSV during recrudescence described here reflects what occurs in the skin, it is possible that an inappropriate Ts response may impair or delay brisk CMIR to asymptomatic recurrent HSV infection and allow the emergence of recrudescent lesions.
